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^) Method of aMpMyinoj and detecting nucleic add asqueocea. 

© A meth o d for detecting point mutations in nucleic acid 
template and ampttfying at toast one specific nucleic acid 
sequence conta ined In a sample of nucleic acid template 
wherein each n ucl ei c add consists of either one strand or two 
s epar a ta compiernerrtery strands, comprising treating the 
strands wtth at toast one of two seta of two different relatively 
short oligonucleotide* each of which sets (I) Is complementary 
to and therefore wM hybridize to at toast a portion of the 
template sequence of al toast one of the strands and (H) flanks 
both sides of a designated target base contained wtthtn the 
specific nucleic acid sequence, such that one of the two short 
oflgonuctoottdea in each set of oligonucleotides contains a 
baaa at one of Its ends that Is co mp iem e ntery to one of the 
target base* of said template under conditions such that the 
two short oaXjonucto o ttde s of each of me sets wM mutueity 
Agate If the target base pair exists m the template, the ligation 
u c cu rrtng between the terminal base of one of the complemen- 
tary oSgonuctoottdea which is complementary to one of the 
target bases and a terminal baae of another complementary 
oSgonuotoottde of the same set. 
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Description 

METHOD OF AMPUFYIN9 AND OETECTtNO W«JCIE1C ACC 3EU';.;i :*:3 

This Invention rentes to a metnod of amplifying nucleic aod sequences, and .wther retates to a mct.tod for 
distinguishing single base differences on nucleic acid templates. 

Methods are known for enzymalically Joining portions of nucleic acids together. Weiss. B„ et al.. XBloT 
Chem 245(17) 45*3 (19681 describe Joining two segments of an Interrupted strand in a ON A duplex using 
T4-poiynucieottde (DMA) hgase. Sgaramelta. V.. et al.. Proc. Natl. Acad. Sci U.S.A. 67(3) 1466 (1970) teach use 
of T4-polynudeotide (DNA) Hgase to Join blunt ends of ONA duplexes. Natn, K.. et ai., J. Biol. 
Chem . 249< 12) : 3680 ( 1 974 ) describe using DNA llgsse to attach polyribonucleotides to poiydeoxyribonucleo- 
tides Hlggins. N P.. et al.. Methods In Enzymoiogy 68 :50 (1979) provides a review of DNA-jolning enzymes. 
Harrison. B., et al.. Nude* Acids Research 12 :8235(1984) teach an enhanced ligation of oligonucleotides and 
polynucleotides by T4 RNA ligase in polymer solutions. 

With respect to amplification. Salkl, R K. ( et al . Science 230 1350 (1985) describes enzymatic amplification 
of 0-globln genomic sequences, termed the polymerase chain reaction, by providing two oligonucleotide 
primers flanking the region to be amplified, annealing the primers to strands of denatured genomic ONA and 
extending them with the Wenow fragment of E.coll ONA polymerase 1 and deoxyribonucleosidetriphosphates. 
U.S. Patent 4,683.202 to Mullls further describes the polymerase chain reaction method. 

U.S. Patent 4.683.194 to Saiki. et al., describes a method of detecting a specific polymorphic restriction site 
In a nucleic acid sequence by hybridizing the sequence to an oligonucleotide probe complementary to the 
sequence and scanning me restriction site which is labeled at the end of the probe nearer to the restriction 
site. The nucleic acid sequence and probe hybridized thereto are then digested with a restriction 
endonucleaee. labeled and unlabeled oligomer fragments are separated, and labeled oligonucleotides are 
detected. 

U.S. Patent 4,683.195 to Muftis et ai. describes a process for amplifying nucleic add sequences using 
primers and polymerization agents and a process for detecting the presence or absence of a specific nucleic 
acid sequence. Separate strands of a nucleic acid sample are treated with an excess of two different 
oligonucleotide primers, and primers are extended to form cornpiementary extension products which act as 
templates for synthesizing the desired nucleic acid sequence. The amplified sequence la then detected by 
adding a labeled probe capable of hybridizing to the sequence being detected. 

The present Invention is useful m diagnostic applications because It can be used first, as a means for 
amplifying given nucleic acid sequences from nucleic acid templates so that the template sequences can be 
more readily detected, m order to amplify a given nucleic acid sequence, the sequence is hybridized to at least 
one pair of oligonucleotide strands (substrates) which flank both sides of a target base of Interest wherein a 
designated end base of one of the oligonucleotide strands of a pair Is complementary to the target base and 
that designated end base forms a ligation Juncture with an end of the other substrate of the pair. The former 
oligonucleotide strand substrate is. m effect, a probe which hybridizes to the target base and adjacent nucleic 
acid sequence and also simultaneously ligates with the latter oligonucleotide strand substrate designed to 
flank the opposite side of the target base and adjacent sequence only if the designated end base of the probe 
is complementary to the target base on the template. 

While there exists me possibility of ligation under mismatched conditions in which the target base for which 
the designated end base is to be complementary is not present in a given template, it has been found, 
according to the present invention, that such ligation can be suppressed so that a base mismatch on either 
side of the ligation Junction reduces the efficiency of ligation between the two oligonucleotide strands and 
serves as the theoretical basis to distinguish single base differences on a nucleic acid template. The methods 
of the present invention can therefore also be used as a diagnostic technique to detect single base or base 
pair mutations in nucleic acid sequences. This further aspect of the present invention Is therefore useful to 
diagnose genetic diseases, such as sickle cell anemia, hemophilia, and color blindness which result from a 
single point mutation on a critical structure gene. 



SUMMARY OF THE INVENTION 

In general, the invention features a method for detecting single base or base pair mutations in at least one 
specific nucleic add sequence contained m a sample of nucleic add template wherein each nucleic add 
consists of either one strand or two separate complementary strands, comprising: treating the atrands with at 
least one of two sets of two different relatively short oligonucleotides each of which sets (1) Is complementary 
to and therefor wHt hybndize to at least a portion of the template sequence of at least one of the strands and 
m flanks both sides of a designated target base contained within said specific nucleic add sequence such 
that one of the two short oligonucleotides in each set of oligonucleotides contains a base at one of Ha ends 
that is compleme n tary to one of the target beset of the template under condit i ons such that the two short 
oAgonucJeotides of each of the sets wMI mutually Bgate If the target base xtsts In the templet . the ligation 
ocxajrrtng between the temw^ 

one of the target bases and a terminal base of another complementary oligonucleotide of the same set. 
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The invention further Mature* a method for amplifying at least one specific nucleic acid sequence in a 
sample containing a nucleic acid or a mixture of nucleic acids composed of jingle or cornr , ~~ , *°** r y nucleic 
acid strands, wherein the sample is suspectM of containing the s^uence or s* ^jeiid- ;-.".wi«"»fl (a) 
treating the strands with atieastore of two pairs of oiinonuctewti j*s ^e'« ■i*rofr^ftnpnrt'v » «t I'rast 
one the specific nucleic acid sequence and fla/>k at least one la/gat base ol a single branded u.mpiaic or at 5 
least ore target base pair defining a blunt end contained in the nucleic acid sequence or sequences wherein 
one end nucleotide of one of the oligonucleotides of at least one of the pairs is complementary to the target 
base or one of the bases of the target base pairs under conditions such that the end nucleotide will mutually 
llgate with an end of the other oligonucleotide of the pair to form a ligation product which Is complementary to 
the epectfic nucleic acid sequence only if the target base or target base pair is present In the sample; (b) 10 
treating the aampte under conditions to separate ligation products from their templates If the target base or 
target base pairs to be detected are present In the sample; and (c) determining whether ligation has occurred. 

Other advantages and features of the invention will be apparent from the following description of the 
preferred embodiments thereof, and from the claims. 

15 

DESCRIPTION OF THE DRAWINGS 



Fig. t illustrates a 35 base pair length template of the normal human (£•) beta globln gene in the region 20 
of the allelic base pair DNA polymorphism associated with sickle celt anemia and four otigodeoxyribonu- 
cieotlde substrate strands complementary to the normal beta globln allele of the gene to be used for 
Hgatton amplification. 

Fig. 2 Illustrates a 35 base pair length template of the human sickle cell (0») beta globln gene In the 
region of the allelic base pair ONA polymorphism which la associated with sickle ceO anemia and four 25 
oHgodecncyrtbonucleolide substrate strands complementary to the sickle celt afiete of the gene to be used 
for ligation amplification. 

Fig. 3 la a schematic diagram of template directed exponential ligation amplfflcation. 

Fig. 4 is a photograph of an autoradiogram of product of linear amplification ligation of 0* flanking 
oligonucleotide substrates on sickle ceH (lanes c and g) and normal beta globln (lanes d and h) 30 
oligonucleotide templates. 

Fig. 5A la a photograph of auloradiograms of reaction products from six rounds of exponential 
amplification ligation of flanking oligonucleotide substrates designed to be complementary to the sic We 
cefl gene sequence u^oq sickle ceH (H023S') and normaJ (H023A') oligonucleotide Xwry^Bte. 

Fig. 58 shows a togarthmk: plot of fold of amplification versus number of exponential ampifficatkxi 35 
ligation rounds performed. 

Fig. 6 is a photograph of an autoradiogram containing ligation amplification product from 10-14 
exponential rounds of ligation amplification using templates from ptasmWs containing normal (lanes g-i) 
and sickle cell (lanes d-f) beta globln gene using flanking oligonucleotide substrates designed to be 
co mp lementary to the sickle cell beta globln gene sequence (Fig. 2) and normal beta globln gene 40 
sequence (Fig. 1). 

Figs. 7 A and 76 are photographs of auloradiograms resulting from amplification of human genomic 
DNA using 0 thalassemia (lanes a, b). sickle cell (lanes c. d) t and normal 0 globln (lanes e. f) DNA 
template. Fig. 7A resulted from llgattng 0* flanking oligonucleotides; Fig. 7B resulted from Hgatmg 0* 
flanking oligonucleotides. 45 

Fig. 6 is a photograph of an autoradiogram containing linear ligation amplification product using a pair 
of 0* flanking oligonucleotides and human genomic DNA template from 0- thalassemia (lane a), sickle celt 
(lane b), and normal 0 globin (lane c). Lanes d-f are controls. 

Fig. 9A la a photogr ap h of an ethidium bromide stained agarose gel containing PCR amplified 294 base 
pair fragments of alleles at the human beta globin gene. 50 

Figs. 96(a) and 96(b) are photographs of auloradiograms of PCR products from the Fig. 9A gel 
transferred to nylon membranes and hybridized with radiolabeled H019S (panel a) and radiolabeled 
H019A (panel b) probes. 

Fig. 9C is a photograph of an autoradiogram of ligation arnpWteation prockjcta using PCR enriched 
sequences as templates. 56 



DETAILED DESCRIPTION OF THE INVENTION 

The method of the present invention can be used both t amplify any particular nucleic add sequence 00 
template and ctstinguish and detect single base differences on nucleic acid templates. The present invention 
is therefore useful to diagnose venous genetic disorders that result from point mutations such as sickle eel 
ariecr^ In other dagnostte a pc ^t^ detect the Rmtted number 

of DNA template copies in genornfc ONA. For xamc*, mere ere c>r>ry about o 

in 10 ug of ONA. Further, depending on the particular diagnostic procedure performed, only a limited amount 65 
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of ONA miaM be avaltable. „ , . 

Aeeorolng to the methods of the present Invention, short oHgonucleo"- >«'H ve synthesized 
eomptonwntary 10 end flying both directions of . target *m cn • nvc'** »oo ten^u!-,. T^ese retatl^ly 
short oligonucleotides |flanlungo«lgonuelect^.i or ^sirer--! — gun-w, ocnc-' < ..: • . <?..-2 and 
5 ON-4 as illustrated m Fig. 1. The flanking oligonucleotides may be synthesued according to methods wen 

known in the art. . , 

The lengths of the flanking oligonucleotides must be sufficient* long to contain enough of • unique base 
pattern to cause the flanking oligonucleotides to hybridize or anneal to only the portions of the nucleic add 
template which flank the target base pair of Interest. The exact lengths of the flanking digonucieotidee 
f 0 depends on various factors. Including the temperature of the reaction. pH conditions, and complexity of the 
target sequence, m general, flanking oligonucleotides comprising about 4 to about 100 nucleotides form 
sufficiently stable hybrid complexes at higher reaction temperatures. In most Instances, flanking 
oligonucleotides used in accordance with the present invention preferably comprise about 6 to about 20 
nucleotides. 

IS The methods of the present Invention may be carried out with nucleic acid template which is either single or 
double stranded, If the nucleic acid template comprises two strands, it Is necessary to first separate the 
strands prior to commencing ligation amplification of the present Invention. One method of separation of 
strands of nucleic acid Involves heating the nucleic acid until it Is completely denatured. Such denaturatlon is 
usually carried out at temperatures ranging from about 8CT to 1QVC for times ranging from about 1 to 10 

20 minutes. Separation of nucleic add strands may also be Induced by enzymes such as the hellcase enzymes 
and flee A. It la also possible to remove one of two strands by digesting with appropriate restriction 
endonucleaae followed by Exonuclease III (Exo III) or Lambda Exonuclease aa described by Wallace, R.B., el 
al. Science 209 :1396 (1980). _ , g ^ M . 

The specmc nudelc acid sequence to be amplified may be only a fraction of a larger molecule or it can be a 

& discrete molecule. The sequence to be ampimed can also be a part of a larger mixture of molecules or fractions 
thereof The starting nucleic add may also contain more than one desired sequence containing target bases 
which may be the same or different, such that all such sequences can be simultaneously ampimed. Sempiee 
comprising more than one nude* acid wtth more than one deaired target sequence can also be ampimed by 
the methods of the present Invention. 

30 Any source of template nucleic acid can be employed to practice the present Invention aa long aa It contains 
or Is suspected to contain the specific nucleic acid sequence desired. For example, ptaamWe, natural ONA or 
RMA. from bacteria, yeast, viruses, plants or animals, or cloned ONA or RNA can be used. Genomic ONA or 
total RNA may also be extracted from human Wood and tissue by a variety of techniques. Synthetic 
ollgodeoxyrlbonudeotldes may also be used. When RNA Is used aa an Initial template. It can be first copied 

35 mto a ONA molecule by an enzyme such aa reverse transcriptase. 

As seen m Fig. 1. the template la the normal beta globln allele with target baae pair • A-T* ; m Fig. 2. the 
template Is the p* sickle cell allele with target base pair # T-A\ It must be understood that the particular 
templates and flanking oligonucleotides shown In Figs. 1 and 2 only Illustrate the present Invention and In no 
way limit the Invention to the detection or amplification of alleles of the human beta globln gene. 

40 As shown In Fig. 1. the S'-? iuwxr) strand of the template Is denoted ( + ); the (lower) strand Is 
denoted (-). Flanking ollg^udeottdes ON-2 and ON-4 are 8-nucleotide long oligonucleotides and ON-1 and 
ON-3 are 14-nudeotkJe long oligonucleotides. The method of the present Invention requires a symmetry 
similar to that shown in Fig. 1. namely, the T flanking oligonucleotides. ON-2 and ON-4. are of the same length 
and the 5' flanking oligonucleotides. ON-1 and ON-3. are the same length. Either the two 3' or two V flanking 

45 digonucleottdes can be the longer length, or all four flanking oligonucleotides can be the same length. The 5' 
enda of the 3* flanking oligonucleotides (ON-2 and ON-4) must, however, be phospborytated and those ends 
can also be optionally labeled wtth. for example, radioactive phosphorous. The 5' flanking oilgonudeotld a 
(ON-1 and ON-3) are not usually phoapborytated to prevent self ligation and template-independent ligation. 
In the case where the nucleic acid template to be amplified la double stranded, the target baae pair of 

50 interest can be either A-T aa in Fig. 1 . T-A. O-C. or C-G. When the template la single-stranded, the target base 
can therefore be any of the four nucleotides. 

The methods of the present Invention are not, however, limited to the above-described instances InvoMng 
single base or single base pair differences. The flanking oligonucleotide complementary region can thus 
contain more than one base or base pair difference which enables the methods of this Invention to be used for 

55 discrimination and detection of sequences containing multiple base differences. 

It Is necessary that in the case of double-stranded nucleic acid tempiatea the target base pair define a blunt 
end as seen m Fig. 1. aa opposed to a staggered end. 

The Q9ir9 of flanking oligonucieolide substrates ar complementary t a nucleic add sequence harboring 
the position of possible mutation on either strand. Further, with double-stranded tempiatea. one of the 

60 terminal baees of one of the two 3* flanking digonudeotides and one of the terminal bases of one of the two 5' 
flanking oligonucleotides to be llgated must be complementary to the respective target bases. Thus, as shown 
in Fig. 1 . the baae at the 5' end of one of the sr flanking oligonucleotidee (base T. ON-2) Is complementary ;o 
the target baae A of the ( + ) template strand, and the nucleotide atthe3'endofoneoftbe6' flanking 
oftgoiiucJeotides (base A, ON-3) Is complementary to the target base T of the (-) template «trand. Thus, of the 
6$ four end bases of any given pair of flanking oligonucleotidee, two positioned at the ultimate enda of the 
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sequencee. and two positioned such mat they will be ligated to each other, one of the end bases of the 
potential Bgatlng pair of bases must be complementary to the target ba*o tn order for Detectable ligation to 
occur. 

The baseoair G-C dir«*e!tvt^nqht of W'r^tratrv* target bi»«* ***t *-T"*f ig t r a';r, h» n ^ Tf > ~ r in 

•uch a caie. th<» 3' terminal nucieotion of on« . irm fl.inl .r.; -t'njonu.' i- >!:jr* C. wN ' : fS 4 

complementary to the target biaa G of the ( + ) template strand, and the 5' terminal nucleotide of one of the J' 
flanking oligonucleotides (baso 0. ON-4) Is complementary to the target base C of the (-J template strand. 

Likewise, nucleotides in positions other than those at the ends of flanking oligonucleotides comprising the 
ultimate ligation junction can be considered as target nucleotides in the practice of the present invention. 

As seen in Fig. 1, 3' flanking oligonucleotide ON-2 is synthesized so that it is complementary to the ( + ) or to 
upper strand of the template and its 5' end contains base T which is complementary to target base A of the ( + ) 
strand, and the remainder of the flanking oligonucleotide extends outwardly from the 5' end base 5' flanking 
oligonucleotide ON-1 Is synthesized so that it Is complementary to the ( + ) or upper strand of the template and 
is oriented such that the base at its 3' and C. Is complementary to the base of the < + ) strand on the 3' side of 
the target base on the template. The remainder of the flanking oligonucleotide extends outwardly tn the 5' 13 
direction. 

5' flanking oligonucleotide ON-3 la complementary to the H or lower strand of the template such that base A 
at its 3' end is complementary to the target base T of the (-) strand and the remainder of ON-3 extends 
outwardly from the target base. 3' flanking oligonucleotide ON-4 is complementary to the (-} or lower strand of 
the template and la oriented such that base Q at the 5' end of ON-4 Is complementary to the base of the (•) 20 
strand that is on the 5' side of the target base The remainder of ON-4 extends outwardly in the 3' direction. 
Thus, the bases on the 5' end of ON-2 and 3' and of ON-3 are complementary to the target base pair. 

When double-stranded nucleic add template la used, symmetry requires that ON-2 be complementary to 
ON-3. except for differences in length. Likewise ON-1 la cc<np4emenia/y to ON-4, except for differences in 
length. As seen in Fig. 1, ON-1 Is complementary to ON-4. Therefore m cases where double-stranded nucleic 25 
acid template is to be used, the Hanking oligonucleotides can be double^tranded. for example: 

ON-1 ON-2 

CCTCTTCAGACGGC 5 # 3 # TGAGGACT » 

1 1 1 1 1 1 II IIIHIII 

GGAGAAGT 3* ; 5* CACCTGACTCCTGA 

ON-4 ON-3 . 35 

Such doublMtranded oligonucleotides must be treated as described above to separate the stranda prior to 
any amplification ligation reaction. 

At appropriate temperature and assay conditions polynucleotide Hgase llgates ON-1 and ON-2. and/or ON-3 
and ON-4 at the target bases of ON-2 and ON-3 to form significant amounts of longer Hgated products only If 40 
the correct complementary target bases are present at the target site of the template. Any suitable 
polynucleotide Hgase can be used m the practice of this invention, for example, bacteriophage T4 Induced DNA 
Hgase, and £. coll ONA Hgase. 

It has been found that inclusion of at least 200 mM NaCI In amplification reaction mixtures almost completely 
supppreaeea mismatch ligation. Therefore, with reference to Fig. 1. If the target site of the template ONA 45 
contains a nucleotide which Is not complementary to 5' end of ON-2 or the 3' end of ON-3. the mismatch of 
nu cl eotides preventa any significant ligation which would have caused formation of a 22 base long product. 
The absence of such ligation product thereby Indicates that the target bases of interest are not present on the 
particular template. For example. If the template tn Fig. 1 were the sickle cell (0») gene in which bases A and T 
are Interchanged at the target base site, there would be no Hgatlon of either ON-2/ON-1 or ON-3/0N-4 as so 
depicted in Figure 1. An expected 22 nucleotide amplification Hgatlon product would thus not be formed. 

With respect to the specific flanking oligonucleotides shown m Fig. 2. the two oligonucleotides m each pair 
enoeaJ to the beta globin template at adjacent positions such that the 3* end of one oligonucleotide (ON-1 or 
ON-3) and the 5' end of the other <0N-s2 or ON-4) form a ligatable (unction. The target nucleotide on the 
templet base pairs with either the 3* end nucleotide or the 5' end nucleotide of the substrate depending on 55 
which strand. ( + ) or (-), serves as the templet for ligation. 

The success or failure of a given ligation amplification procedure can be detected by labeling the flanking 
oWc^Jnucleotidea wtth radioactive or fluorescent labels. For example. "P. "S or any other suitable 
radionuclide may be used as well as other suitable compounds such as fluorescein or rhodamme or their 
derivatives. Ligation amplification product can also be ascertained via any subsequent manipulation that allows 60 
distinction between longer Hgatlon product and the shorter precursors such as gel lectrophoresis 
ch rcrr w tciraphy or hybrkJteatlon. For xample. pofyacrytamlde gel electrophoresis can be used to separat 
the Hgated prooXJCt from the flanking oligonucleotide reactants according to their sizes. Some of these 
techniques wfJ be rutty described In the xampies below. 

According to the method of the prasent Invention, the herein described Hgatlon amplifications can be « 
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acco mp tts hell m i flmv or exponential manner aa illustrated In the foflc.vtng example*. The step* for 
exponential Bgttkyv em pim ce tton are shown in Fig. 3. The ONA aequer~ • ' *j"t*etlc oligonucleotide 
substrates and templates used m the examples are y *en b*slow >p (a»>H 1. 



TABLE 1 



to 



DNA Sequences of Synthetic 
Oligonucleotide Substrates and Templates 



13 



SO 



Oligonucleotide £&n£ 

ON-1 B a 0 s 
ON-82* G a 
0N-S2 0 s 
0N-S3* 0 a 
0N-S3 0 s 

0N-4 fl a 0 s 

# 

HS19A fl a 
H019S fl s 
H023A* B a 
HG23S* 0 s 



Sequence 



5* 
5* 
5' 
5' 
5 # 
5* 



CGGCAGACTTCTCC 

TCAGGAGT 

ACAGGAGT 

CACCTGACTCCTGA 

CACCTGACTCCTGT 

GGA8AAGT 



5* CTCCTGAGGAGAAGTCTGC ^ 

5* CTCCTGTGGAGAAGTCTGC 

5* CGGCAGACTTCTCCTCAGGAGTC 

5* CGGCAGACTTCTCCAtAGGAGTC 



* 0N-a2 and ON-a3, substrates for the normal beta globin gen 
30 are the same as ON-2 and ON-3 in Fig* 1. 



H0199 and H019A are unique 19 nucleotide long oBoonucleottdes that are complementary to the noncodlng 
strand of the beta gtobtn gene and serve aa oligonucleotide templates for ligation of ON-1 /ON-2 pairs. H023S' 
and M023A', 23 nucleotides long, are complementary to the coding strand of the beta globin gene. These two 
nucleotides serve aa templates for ligation of ON-3/ON-4 pairs. 

WhUe the ON-1/ON-s2 and ON-1/ON-a2 pairs both hybridize to the coding ( + ) strand. ON-s2 and ON-a2 
differ by a single nucleotide at their 5' ends, with ON-?2 specifying for the sickle cell allele. Similarly, the 
0N-s5/0H4 and OM-e3/ON-4 pairs hybridize to the noncodlng strand with ON-s3 and ON-a3 differing by a 
single nucleotide at their 3* ends. 

For the detection of either the 0* (normal) or 0 f (sickle ceM) allele, a set comprising at leaat one of the pairs of 
flanking oligonucleotide substrates ON-t/ON-a2 and ON-a3/ON-4 are used for the normal beta globin 
i and at least one of the pairs ON-1/ON-e2 and ON-s3/ON-4 are used for detecting the sickle ceil 



In the below described Hgatton amplification reactions, template dependent ligation of either the ON-1 /ON-2 
or ON-3/OfM pairs forms a 22 base product with a sequence complementary to the other substrate pairs. For 
example. ON-1 -ON-e2 product would be complementary to ON-a3/ON-4 substrates and ON-e3-ON-4 product 
would be complementary to ON-1/ON-e2 substrates. Accortfng to one aspect of the present Invention, the 
SO ligation products can then serve aa template for the ligation of the other pair of flanking oligonucleotide 
substrates thereby producing more templates for further ligation. If the Initial ligation step does not take place 
as a result of base pair mismatch, subsequent amplification steps w« not give rise to a detectable ligation 
signal. 

Once the 22 nucleotide long Hgatlon product la formed. It stays hybridized to Its template. Oenaturatton 
55 separates the duplex to yield two new templet a. If de na tur a tton Is accomplished by booing, the Hgase m the 
reaction mixture Is inactivated. Fresh enzyme must therefore be added to Initiate the next round of 
arnpttneanon. 



Example 1 

Al ollgpdeoxyribonucleotlde Hgatlon reactions on osgonucJeotlde templates were carried out. unless 
otherwise indicated, In 60 mM Trts MO (pH 7.6). 10 mM MgCIt, 1 mM DTT (dmvothrettofl. 1 mM ATP, 200 mM 
Nad and 6** PEG (pofyethytenoofr c oO with 5-10 jim of each substrate oligonucleotide mixed with a small 

i Mrm nrwmn nm mml ml ih* kvMcmlmd amount 
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of template. 

Ptmsmtd and genomic DNA template reactions are initiated following ^-10 minutes ~" cooling on ice 
and the add-on of itgase (1 U. BRLI. Unless othorwise indicated. *n tiifttrv reactions arc a/ indrawn for 
electrophoiesn end oplwruiry IrcaleU with calf . "^vtnul uikAMf.* t -.naul uu?r M 5 l" ' • n 

Linear amplification ligation of nucleic acid sequences is earned out by repeatedly using the original nucleic 
sckJ template (ottgo, plasm id or genomic DNA) In each round of ampllf leaf Ion. Onfy one flanking 
oligonucleotide set co m plem e ntary to the appropriate oligonucleotide template to one strsnd of duplex 
piasmid or genomic ONA template is used. For example, erther the ON-1 and ON-2, or ON-3 and ON -4 set Is 
used in the amplification rounds but not both. 

To Mnea/ty amplify a sequence of the 5' strand of the human sickle ceO (p s ) P-globin gene as shown in Fig. 2. 
the above reaction mixture further containing 1 mM ON-1. 1 mM 5' phosphorytated ON-a2. and 0.1 pmoles of 
0 s (H019S) template was prepared. If double-stranded template la used. It must be denatured by boiling the 
reaction mixture at about 90-100°C. for 10 minutes. 

Each round of ligation la initiated by adding 1 unit of Hgase to the reaction mixture on ice The mixture Is 
incubated for about 30 minutes at 30*0, or for a longer time if template concentration is tow. 

The first round, and all subsequent rounds, Is terminated by quickly heating the reaction mixture to 100? C 
for 5 minutes to Inactivate the Hgase and dissociate the ligated product strand (ON-1 ~ON-2) from the 
template. This frees the template for subsequent amplification rounds. Before the next round, the reaction 
mixture is centrtfuged for 10 seconds and immediately cooled to about 0°C. At this point, there is 
approximately one ON-1 ~ON-2 ligation product present for esch copy of the template. 

Another unit of enzyme is added to the reaction mixture to Initiate a second round of ligation. Because a 
molar excess of flanking oligonucleotides ON-1 and ON-2 are added to the Initial reaction mixture, more 
flanking oligonucleotide substrsted are not added. The reaction mixture Is then Incubated as in the first round, 
boded to dissociate template from the Hgatton product, and cooled. At mis point, there are approximately 2 
copies of ON-1 ~"ON-2 ligation product present for each copy of template. 

Fresh enzyme Is added to Initiate another round. The steps of Incubating, boiling to dissociate template from 
product, cooling, and adding fresh enzyme are repeated for as many rounds as necessary to produce a 
detectaole signal. 

Detection of the ON-1 ~ ON-2 ligation product can be accomplished in several ways. ON-1 and/or ON-2 can 
be labeled with radioactive or nonradioactive labels and separated from the reactants by gel electrophoresis, 
such that ligation product is determined by detecting the presence of label in a position in the get 
corresponding to the expected product size. 

ON-a2. ON-sZ and ON-4 are phosphorytated at their 5' ends with either radioactive (y (»PJ ATP 6000 
Cl/mmol; New England Nuclear) or nonradioacttve ATP via a kinase reaction. The unlabeled 5' phosphorytated 
substrates are used following incubation m a boiling water bath for 20 minutes to Inactive kinase. Internal 
radioacttvely phosphorytated oligonucleotide products are separated from unreacted ATP and other reaction 
products with anion exchange chromatography (DE-52 cefMose- Whatman). The radioactive phosphorylation 
reaction yields products with approximately 10*- 10* cpm/pmot specific activity. 

Detection and quantitation of ligation product by poryacrytamide gel electrophoresis Is carried out by mixing 
samples from ligation reactions with FJcofl loading buffer and subjecting the mixture to electrophoresis in TBE 
(89 mM Tris, 89 mM Borate. 2 mM EDTA) In 204* poryacrytamide (Bio-Red) urea (7M) gel at 600 V. for 1 5 houra. 
The gel is then wrapped m Saran Wrap and autoradiography between two lightning Plus Intensifier screens 
(DuPont) overni gh t. Quantitation of ligation product Is obtained either from densitometrlc measurements of 
the autoradlograph or directfy from the gel via an AMBIS Radioisotope Scanning System II (Automated 
Microbiology System. Inc.). In the latter instance the poryacrytamide gel ia Aral fixed In a Wo acetic acid 
solution for 10 minutes. 

The ON-1 "ON-2 ligation product can also be detected by hybridizing the product containing solution to a 
substrate containing an Immobilized complementary DNA or RNA sequence under conditions whereby the 
ON-1 "ON-2 ligation product win hybridize to the complementary sequence, but neither ON-1 nor ON-2 wUt. 
Bound label Indicates presence of ligation product. The ligated product can also be detected In a subsequent 
round of ligation employing a radiolabeled counterpart substrate set (ON-3/ON-4). m the case where ligated 
ON-3/ON-4 Is to be detected, labeled ON-1/ON-2 would be used. 

The product level after N -number of rounds of linear amplfficatlon-ligatlon Is equal to N x O where O Is the 
efficiency of the ligation. Q ranges from 0 to 1. where 1 Is equivalent to 100AO ligation. 



Example 2 

ON-1/ON-S2" and ON-s3/OtM* were Hgated linearly on oligon u cleotide templates using the above 
methodology. ON-*2* and ON-s4 # are the same as ON-a2 and ON-4 except that they are only 6 nucleotides 
long. 10 pmoles of »P-y pohsphorytated ON-s2* and unl ab eled 6' OH-ON-1 (lanes a-d) or «P-5' 
pno sp horylated ON-4* and un lab eled 6' OH-ON-S3 ilanes e-h) were ligated on 19 base long or 23 base long 
oa^o n ocssottde template respectively at 30* C for 30 minutes with 1 U. of T4 DNA Hgase in 10 fj reaction 
volume. Fig. 4 shows the results of the sgation amplification reactions described below. Samples in lanes a and 
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of tha foto«*ng oHgxjnuciaotlda tamplata wu uMd: Hp I9S (c) ; Hp19A (d) : H023S' <g) ; a.* H023A' | 
AHIM h Flo 4. tha axpactad Hganon mvoMng ateWa caH tamplata and a*ck»a - - 

. j iAk k*4» niAMn *ut>«trat»4 did »ot occur or *** i'*rkm caw tc. ^> 



'(h). 

At aaan w r-Kj. #. ma •xpwcivo *v» IPV, » — — " — ; ^^.^^L^l 

(lanaa c and g); ligation of nmi (A) b^a gk>b*n *jbstrat#« did >ot occur or i«*m caw ic.-i.ata Itanaa d 

and h). 



fa 
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Exampfr 3 

Tha mathod of ma praatnt mvantton can alao ba uaad to axponantlafty amplify noclaic acid aaquancaa. Tha 
maior dtffaranca batwa«n axponanttaJ amplification ligation and tha above-daacrtbad llnaar ampimcatlon 
ligation la that afl four flanking oiigoouciaotldaa (ON-1/ON-2. and ON-3/ON-4) ara praaant aa tubatrataa 
oaring aach raactton round. Tha ligation product of arthar flanking ottgonuclaollda tel aarvat aa tha tamplata 
for ma othar flanking ottgonuctaotida tat In tubaaquant amplification rounda aa anown m Fig. 3. 

R«d»o«cliv«lylaba»adaubttnrtaforc^ 
laat round 

Aa la alao tha casa for llnaar ampimcatlon, an attlmatton of tha number of amplification rounda naad#d to 
oroduca a datactabla algnal muat ba mada bafora carrying out th« axponanttal ampimcatlon. Aftar N rounda. 
tha product formation aquala (1 + 0)M whara Q la Hgatton afftelancy. Tha following tab4a mdtcataa tha 
raiattva amounta of ligation producta praaant aftar N cyclaa, aaaurmng 1000* afftelancy at aach eye*. 



Round 



Fold Ampifteatlon 
(2T-1 



0 
1 
2 
3 
4 
S 
6 
7 
6 
9 
10 



0 
1 
3 
7 
15 
31 
63 
127 
255 
511 
1023 



15 



327*7 



45 



20 
21 



1,046,575 
2,097,141 



SO 



25 



33364.431 



66 



Foraxampla,W10MoM^ 

rounda of amplication art natdad (2»«10*), aaauming 100* Igatton affldancy. Naar ptrfact ftgaUon 
afflclancy »a praaont at latar rounda whtrt tha primary tamplata tourca la ftgatad ™nkk>cio«ooouci^ 
producta. Ourlng arty rounda. Igatlon afftelancy may ba )ow»r o^ptrxflng upon rtactl^ 
ftgaa* uaad. and aourca of tamplata. 

Eachrour*lofa*4X>nentt*»lg*tten^ tha reaction '""^ ™ **• ^ 

tha flrat m6 each aubeequent round of amp«roc*tton. th« raacto 
for about 30 mlmitw at 3(T C or for a k)r^ p^k>d of t^ 

round, tha reaction mixture la quickly brought to boiang temperature for 5 minutee to ^^ t j V^?^^ 
and cHeodete tha product ttrwida from tha templat atrandt. Than tfia reaction mixture la centntugeo for 10 
eeconds and Immediately cooM t about (TC. ^^.^u*^ 
Anothar unit of T4 ioaaa la than added to Inmate tha aacond round of ampEf tea tto n . Tha mixtura ta man 
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incubated, boiled, and cooled as above. At this point there are 3 copies of template pre sen* for each copy 
cosent at the beginning of the reaction. All subsequent rounds of amplification are carried ' *v r^.o same 
sequence of steps for as many Umes needed in order to produce a letectahlo ft.joal. 

The progress of the amplification r>ay be monitcnH by w.f^di-.wir., frorr. tN? r^rr-Mr r-. *r« 
approximately 10 jjJ aliquot of reaction mixture during preoetermtned rounos. The withdrawn material is heal 5 
Inactivated and Is then combined with 2 to 3 ^1 of loading buffer. 2 uJ of this buffered mixture is then loaded 
onto a 20<X> pofyscrylamide get and the gel is electrophoresed for one hour at 600V and then autoradiographed 
overnight with two OuPont Lightentng-Plus intensrfier screens. 

Using these methods and the reaction mixture described In Example 1 , 6.67 nM of oligonucleotide template. 
H023S' and Hfl23A', was amplified with T4 ONA llgase and 2.33 uM of each flanking oligonucleotide substrate: 10 
»P-5' labeled ON-s2 (10* com); «P-5' labeled ON-4 (10* cpm); 5' OH-ON-1 ; and 5' OH-ON-S3. 1 U of T4 ONA 
ligase was used to initiate each round. Six rounds of ligation amplification were carried out. 

Fig. 5A is an autoradtogram showing the results of monitoring each round of reaction for each template. In 
rounds 2-6, the Hgatlon reaction was specific for the H023S' template containing the sickle cell sequence. The 
flanking oligonucleotide substrates were not able to Mgate in the presence of the H023A' template. 15 

Products of the exponential ligation method approximately double with each round. Fig. 58 shows a 
logarithmic ptot of amplification folds aa a function of the number of rounds of ligation amplification performed. 
A straight line was obtained with a calculated efficiency of 0 98. Thus, in each round, the ligation product of the 
preceding round serves effectively aa the template for further oligonucleotide ligation. 

The methods of the present Invention can aJso be used to detect piasmid and genomic ONA sequences aa so 
Illustrated In the following example. 



Example 4 

25 

Templatea for amplification ligation were derived from plasmlds pHf) A and pH0* which contain respectively an 
approximately 44kbp normaJ (0*) and sickle ce* beta gtobin gene Insert, AW ONA preparations were 
performed according to a modified Trtton X-100 procedure followed by Proteinase K and RNase treatment. 

The piasmid ONA was treated with restriction enzyme (Bam HI and/or Taq I) and Exonuctease III (Exo III) 
prior to serving aa template In Hgatlon reactions as follows : pHfl* and pHfl 6 were separately digested with Bam 30 
HI (5 U/prnd) for 2 hours at 37° C and terminated In a boiling water bath for 5 minutes. Exo III ( 100 U/pmot) was 
then added to the reaction mixture with OTT to make a final concentration of 1 mM. The mixture was 
Incubated 4 hours at 37° C. Pherv>cni^roform extraction was performed for final purification. 

1 rtm of each of the two resuW-ig templates <pHp» and pH0*) was then amplified exponentially using T4 ONA 
Hgase and the reaction mixturee and methods described In Exampiea 1 and 3 except that the total volume of 35 
each reaction was 100 uJ. 500 nM of each of the following flanking oligonucleotide substrates was used: "P-5' 
labeled ON-s2 (10* cpm). "P-? labeled ON-4 (10* cpm). 5' OH-ON-1, and ? ON-ON-83. After the 10th t 12th, 
and 14th ampOflcalion rounds, a 4 aliquot was withdrawn from the reaction mixture and analyzed by 
electrophoresis and autoradiography. 

Fig. 6 shows the results of the ligation amplification. Product In lanes a-c resulted from reactions not 40 
Including template; product In fanes d-f resulted from reactions containing pHf)' template; and product In lanes 
g-i resulted from reactions containing pH0* template. Reaction products In lanes a. d. and g were withdrawn 
and analyzed after 10 rounds; products in !snss b. e, and h were analyzed after 12 rounds; and products in 
lanes c. f. and I were analyzed after 14 rounds. 

No detectable ftgatton product la seen from the reactions involving pH0* which contained the normal beta 45 
gloom sequence (g-i) or In lanes without any template (a-c). The pH0* sickle cell template waa significantly 
amplified, with the detectable signal noticeably Increasing between 10 (lane d), 12 (lane e), and 14 (lane f) 
am pfffl ca tton rounds. 

For the 1 nM piasmid template used In the reactions, approximately 10 rounds of Hgatlon amplification were 
necessary to generate a detectable signal corresponding to approximately a 50-fold amplification. In contrast. SO 
only about 3-6 rounds of amplification are needed to amplify oligonucleotide template of the same 
concentr at ion to obtain the same fold amplification. 



Example 5 55 

Normal (0*/p*). sickle cei disease <p*/p'). *** sickle ce« trait (p*/p») genomic ONA samples were isolated 
from Wood spe ci me ns of appropriate donors. Beta thalassemia ma(or ONA was prepared from EBV 
tr a n sf otme d lymphocytes m culture (QM 2267 cess from NIGMS Human Genetic Mutant Cell Repository. 
Camden. NJ.)* Thalassemia ONA was subsequently isolated from cultured ce*s. AN ONA preperatlona were 60 
performed ac c o rdin g to a modified Triton X-100 procedure followed by Proteinase K and RNAse treatment. 

Genomic ONA (5 ug) was digested with Taq I restriction enzyme (10 U/ug) (Boehringer Mannheim) 
overnight at 66* C and foaowed by Bam HI digestion ( 10 UVug) (Bethesda Re s earch Laboratory) for 8 hours at 
37* C. Subsequently Exo ffl nuclease (100 U./pmol) was sdded t the reaction mixture along with DTT to 
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extraction wis carried out for final purification. 

Ligation condfflona for genomic DMA and for piasmid DNA a/a identical except tr * **r ???al volume of the 
reaction fcr U>e genomic OfiA sample is 200 uJ. 

Genomic ONA from 0 :riaias3orma. fickle ce". ^4 notn^i OHA .* oro a.~*:V*?i<wi u.wi o< flowing 

sets of flanking oligonucleotides: «P-6' labeled ON-s2 (10* cpm|/ 3S P-u labeled ON-4 (10- cpm)/V 
OH-ON-1/5' OH-ON-e3; and M P-tf labeled ON-2 (10* cpm)/«P-5' labeled ON-4 (104 cpm)/5' OH-ON-1/5' 
OH-ON-3. 

5 j^g of genomic ONA contains approximately 600.000 molecules of homozygous single copy gene. When 
used as a template In a 200 uJ reaction mixture. 5 ug of ONA Is equivalent to 2.5 x 10* U M with respect to 
template. This concentration Is well below the apparent Km of T4 ONA ligase for ligation template. The enzyme 
activity is therefore expected to be slowed considersbty. To overcome this kinetic constraint, eariy rounds of 
the ligation were incubated for a longer time period. The ligation time for Initial rounds was 5 hours. With 
subsequent rounds, the incubstlon time was gradually reduced to 30 minutes. (Rounds 1-5-5 hours; round 
6-1G - 4 hours; rounds 11-15 - 3 hours; rounds 16-20 - 2 hours; round 20-30 - 1 hour; snd rounds 
30 + - 30 minutes.) Each round however waa not allowed to exceed 5 hours in order to avoid accumulation of 
blunt end products. 

Figs. 7A and 7B show the results of 70-75 rounds of exponential amplification using these templates and 
flanking substrstss. Fig. 7A contains amplification product resulting from the 0* flanking oligonucleotide set; 
Fig. 7B contains amplification product resulting from the 0* flanking oligonucleotide set. Lanes a and b of each 
autoradiogram contain reaction product using 0 thalassemia genomic ONA template; lanes c and d contain 
product from sickle cell genomic DNA template, and lanes e and f contain product using normal beta giobin 
genomic DNA template. Template m lanes a. c. and a was amplified 70 rounds; template m lanes b. d, and f waa 
amplified 75 rounds. The expected product bands appear in lanes e and d of Fig. 7A (sickle cell template and 
flanking oligonucleotides) and in tanee e and f of Fig. 7B (normal beta gfobtn template and flanking 
oligonucleotides). 0-thaiaeaemta ONA (lanes a and b) and mismatched genomic ONA and eubstratee both 
showed absence of signal. 

This example thus demonstrates that the ligation amplification methoda of the present Invention can be 
used as a diagnostic m ethodology on genomic ONA samples for sickle ceS anemia. 



Example 6 

5 *ig of 0-thalaeeemia sickle cell, and normal genomic ONA waa each digested with Bam Hi/Taq I and Exo III 
nuclease aa described m Examples 4 and 5. linear amplification waa performed as described m Example 1. 
Flanking oligonucleotides used were 100 fmolea of "P^ labeled ON-e2 used directly from T4 kinase labeling 
reaction, without further purification, with DE-52 chromatography, and 100 fmoies of ON-1. The flanking 
oligonucleotides were separately combined with the three templates In the presence of 200 mM Nad and 0.5 U 
of T4 ONA ftgase m total reaction vorumea of 10 uJ. The reaction mixture was incubated 3 hours at 30*Candthe 
reaction was terminated by boiling. A second round of amplification waa Initiated by adding another 0.5 U. of 
enzyme. The reaction mixture waa again Incubated 3 hours. Three rounds of ligation amplification were 
performed. The resulting products were then eiectrophoresed and autoradtogr ap he d aa described above. 

Fig. 8 shows the resulting autoradiogram. Lane a contains reaction product using 0-thaiaaaemia template, 
lane b contains reaction product using sickle ceil template, and lane c containa reaction product using normal 
beta giobin template. Positive controls were performed with 0.01, 1. and 10 fmoies of H0199 template (lanes 
d-f respectively). Lane b shows the expected product, whereas lanes a and c show an expected lack of 
product. 

The methods of the present invention can also be used aa a means to detect amplification product from 
other nucleic acid amplification methods such as the polymerase chain reaction. 



Example 7 

Amplification reactions were performed with Poh/meraee Chain Reaction Kit (Oane Amp Kit. PerWn-Elmer 
Cetus) Including 2.5 U of Thermus aquatlcua DNA polymerase and 2.5 of oligonucleotide primere BGP1 
and BGP2, 19 base long synthetic digodeoxyribonucleotldes which anneal to the beta giobin gene at positions 
256 nucleotides apart. The enriched 294 base pair fragment containa the 0 giobin sequence of Interest. 2ugof 
the following genomic ONA were used aa templates after being treated aa described above: 0 thalassemia, 
homozygous sickle eel (0V0M. normal 0 giobin <0*/0*). and heterozygous sickle cell trait <0'/0'). 30 rounds of 
amplication gave approximately a 5 x 104-fold ampimcation of the target sequence. 10 uJ aHquota of the PCS 
enriched genomic DNA sequences were eiectrophoresed m 1.50b agarose gel at 60 V for 5 hours. 

The electrophorettcafty separated products were then transferred to Oenetran nylon me mb ranes with 20X 
SSC (IX SSC - 150 mM Nad and 15 mM Na citrate) acco rding to the method of Southern. E.M.. J. Mol 
Biol. 98 :500-517 {1975). 

The Oenetran rnembrenes were directly hybridized t "P-5' labeled oligonucleotide probes HB19S or 
HB19A. m 5X SSPE (1X 8SP€ - 10 mM sodium phosphate pH 7.0. 0 18 M Nad. and 1 mM EOTA). 10*. 
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UiOodS04. 10 nQJmi of Homomr* RNA. and 10* cpm/ml of labeled oligonucleotide with »0 fold excess 
M.ahelled competitor at 47* C for 2 hours. The membrane wee first washed in room temper : cx GCC 

three times for 30 minutes ftun«eo\»enf wn%h »n TMACl aotuiton In/ 1 nour at W :' . ^ov*^ r» - rh 

nyf'tdlzatlon. (TMACl - 50 mM Trie. pH 8 0. 3 M tntrai.ic;-' -'isimn.oniun' < - -.^Jo. i n K 0 T • r-C-- ? 

Exponential ligation amplification was then performed on 20 ^1 samples of the PCR ennched sequences 5 
for 4 rounds with either 200 nM of 3' substrates <ON-1/ON-s2 and ON-s3/ON-4) or 200 nM of P - substrates 
(ON-1/ON-a2 and ON-e3/ON-4) in a 100 *ii of total reaction volume using T4 DNA Mgase. 50 uJ from each 
samples was analyzed by 204* poryacryiamide get electrophoresis. 

Ethkflum bromide staining of the 1.540 agarose gel shows a single 294 base pair band (Fig 9A. lanss c*e). 
Lanes of Fig. 9A are: (ar control, (bl — P thalassemia; (c)~ homozygoue sickle celt trajt; id) -normal fl to 
giobm; and fe) -heterozygoue sickle cell trait. PCR amplification of thalassemia ONA (Panel A fane b) 
amplifies some nonspecific ONA's but shows no 294 base pair band. 

Oligonucleotide hybridization analysis of the PCR ennched samples (samples from lanes b-e. Fig. 9A, 
correspond to lanes 1-4, Fig. 96) Immobilized on Oenetran nylon membrane fitter confirms that the enriched 
DNA s indeed contain beta globin sequence of interest (Fig. 98). Competition hybridization of the filter as ts 
described In Nozart, 0.. at aJ , Gene 43 :23 (1986) and in copending application Serial No 071.210. of R. Bruce 
Wallace, filed July 8. 1967 with either redtoaclrvety labelled H019S and unlabelted H019A (F»g. 9B. penel a) or 
labelled H019A and unlabelted Hf)19S (Fig. 96. panel b) correctly identlflea aickle cell disease (pvpv Fig. 9B. 
tane 2. panel a), normal <P*/p'. Fig. 96. lane 3. panel 2). and sickle celt trait ((*•/{*•, Fig. 96. lane 4, panels a and b) 
ONA'S. 20 

The PCR enriched 256 base pair fragments Weerty serve as template In the ligation analysis since they are 
retattvaty abundant which overcomes the ligaee kinetic constraints (i.e.. high Km for template). Ligation 
amplification performed on these 294 base pair templates (Fig. 9C templates: a.e -0 thalassemia; b.f 
- Homozygous sickle cert disease; eg -normal 0 gloom; d.h —heterozygous sickle cell trart) with p f (Fig. 9C. 
lanes a-d) flanking oligonucleotide substrates s h owe d positive ligation for sidde cefl disease and sickle ceH 25 
trart samples (Fig. 9C, lanes b and d). Ligation amplification with 0" (Fig. 9C, lanes e-h) flanking oUc^xxjdeotide 
substrates Is Kkewlae positive for normal and sickle ceH trait samples (Rg. 9C, ianea g and h). 

This example demonstrates that ligation ampimcation can be used aa a detection methodology coupled to 
other sequence amp li fi ca tion technique*. 

In molecular biology and related di sc ip l ines are intended to be within the scope of the following claims. 



t . A method for detecting base or base pair dtfferencee m at least one epedfle nucleic acid sequence 
contained to a sample of nudeic add t^^ 
separate complementary strands comprising: 

treating the strands with at least one of two sets of two different retetlvefy short ofigont;deotide 
substrates each of which sets (I) la complementary to and therefore win hybrid iz e to at least a portion of 40 
the template sequence of at least one of the strands and (H) flanks both sides of a designated target base 
contained within said specific nucleic add sequence such that one of the two short oligonucleotides In 
each set of oigonudeotldea contains a base at one of its ends that is ttxnpJernentary to one of the target 
bases of said template under reaction conditions such that said two short oligonucleotides of each of the 
seta win mutuafty ftgate If the target base exists in the template, the ligation occurring between said 43 
terminal baae of one of the complementary oligonucleotides which is complementary to one of the target 
bases and a terminal base of another complementary oligonucleotide of the same set. 

2. The method of daim 1 wherein said nudetc acid template Is ONA. 

3 . The method of daim 1 wherein said nucleic acid template Is RNA. 

4. The method of daim 3 wherein said RNA Is copied into ONA by treatment with reverse transcriptase 50 
prior to treating said template strands with said substrate. 

5. The method of claim t wherein said template la double stranded and Its strands are separated by 
denaturing prior to treating said strands wrth serf template. 

6. The method of daim t wherein oligonucleotides of any of said pairs of oligonucleotides comprising 

the 3* end of an ultimate ttga^pnxJuctm 55 

7. The method of daim t wherein a deletion or mutation of said target baae or said target baae pair 
ceuees a genetic dteeeee. 

S.Tr*mettK>d of d*m 1 where* eett Is aickle cell anemia. 

9. The method of claim 6 wherein said pairs of oligonucleotides comprise 0N-1/ON-2. 0N-3/ON-4 and 
ON-1/ON»t2 and 0«-e3/OH4. 4, 
ta The method of daim 1 wherein at least one oligonucleotide of said pairs of oAgonudeotides Is 



1 1. Trie method of daim 1 wherein the reaction at least 

200mMMaCt. 
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conatotlnQ of T4 PNA Mqase and E.coti ONA ftgass. 

13 Arr>e*vxJforamp«t^ containing ^ctote 

acid or i mirrure of rn^mc acids compri«~i * <» cnr-^rwitery suarKla. Wherein 

sakJ Mmp^ts»o«pected of contain- j^aid^oouer.i^ omouuo;x ■I";'* > '"j 

(a) treating the strands with at least one of two pairs of oligonucieot»dea which sets ar 
complementary to at toast or* said specific nucleic acid sequence sod flank at toast one tsr get base 
of a single stranded tempUte or at toast one tsrgat basa pair defining a blunt and contained m said 
nucleic acid sequence or sequences wherein one end nucleotide of one of the oligonucleotides of st 
toaat one of said paira Is complementary to said target base or one of the baaea of iaid target base 
pslrs under conditions such that said end nucleotide will mutuaHy ligate with an end of the other 
oligonucleotide of said pair to form a ligation product which la complementary to said specific nucleic 
add aequence If said target base or tsrget bane pair la prseant In said sample; 

(b) trsatlng said sample under conditions to separate ligation products from their tampiataa W said 
target base or target bese pairs to be delected are present in said sampto ; and 

(c) determining whether ligation has occurred. 

14. The method of claim 1 3 wherein steps (a) and <b) are repeated at toast once. 

15 The method of claim 13 wherein a nucleic acid sequence ts treated with said, two pairs of 
oligonucleotide* and said ligation product of one of said pairs of oWgorwcleotio^s. when separated from 
its complement, can serve as a template for the other pair of oligonucleotides and resutt in an exponential 
formation of ligation product. 

16. The method of claim 13 wherein a nucleic acid sequerce to treated with onry on^ pair of said two pairs 
of oligonucleotides and said ligation product of said one pair la separated from Its complement and 
another of said pairs ts Mgated and hybridized to the same template reauftmg In a Hnear formation of 
Boatton product. 

17. The method of deJm 13 wherein said ligation products are separated from their templates by 

^Tn^net^ 

denaturing before or during step (a). 

19. The method of daim 13 wherein oBgonu^ 

the 3 end of an ultimate ligation product aivphoephorylaled at their Spends. 

20. The method of claim 13 wherein a deletion or mutation of said target base or said target base pair 
causes a genetic olsease. 

21 The method of claim 20 wherein said genetic di sease to sickto cell anemia. 

22 The method of claim 21 wherein said pairs of oligonucleotides comprise ON-1/ON-2 and ON-3/ON-4. 

23. The method of claim 21 wherein said pairs of ollgonucleotlds comprise ON-1/ON-S2 and 

ON*3/ON-4. i ^ ^ 

24. The method of claim 13 wherein step (a) Is accomplished using an enyzme selected from the group 
consistinoofT4DNAIiQasegnd E.coll DNABgase. 

25. The method of claim 1 3 wherein said specie nucleic add sequence to ONA. 

26. The method of claim 13 wherein said specmcrnicleic acid sequence Is RNA. 

27. Tr* metriod ot claim 26 whei^ 
prior to step (s). 

26. The method of daim 13 wherein at least one oHgonuctootWe of said pans of oftgonudeottfes is 



29. The method of daim 13 wf)fmk> the reaction mixture of step (a) further comprises at toast 200 mM 

NaCI. 
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